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ULTRAVIOLET LAMPS: INDUSTRIAL RESEARCH ACTIVITIES
AND OBJECTIVES*
RUDOLPH NAGY, Ph.D.
During the past thirty years about 75 new
types of ultraviolet lamps have been developed
and placed on the market. These lamps vary in
size, wattage and in the emitted spectrum. Many
of these lamps have been designed for specific
applications; for example, for photochemical
reactions, for suntanning and vitamin D produc-
tion, for light, for bactericidal effect or for ozone
production. In the application of these lamps, we
must cooperate with the medical profession,
public health authorities and other industries to
determine how best to install and use the radia-
tion, what new applications can be developed
and what safety precautions must be followed.
The present paper tabulates most of the pres-
ent commercially available ultraviolet sources. A
knowledge of the characteristics of these lamps
and methods of measurement of the radiation
should be helpful for those interested in research
and application of ultraviolet radiation.
ULTRAVIOLET LAMPS
Most of the present commercially available
ultraviolet lamps contain mercury vapor. The
passage of current through the vapor results in
exciting the mercury atoms to various energy
states. In making the transition from one state
to another, the atoms emit radiation of definite
wave lengths. The probability of these various
transitions depend upon the pressure of the
mercury vapor, the amount and type of other
gases present and the electrical conditions in the
discharge.
LOW-PRE55URE MERCURY LAMP5
At very low mercury pressures, e.g. 10 microns,
most of the emitted radiation is as a result of
transition from the lowest excited state to the
normal state. This is known as resonance radia-
tion. This radiation may be absorbed by other
mercury atoms and re-emitted without change
* From the Westinghouse Electric Corporation,
Research Department, Bloomfield, N. J.Presented at the Brook Lodge Invitational
Symposium on the Psoralens, sponsored by The
Upjohn Company, Kalamazoo, Michigan, March
27—28, 1958.
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in frequency. In a low-pressure mercury dis-
charge lamp over 90 per cent of the radiation
emitted is at 2537 A, Table 1. The amount of
radiation at 1849 A is dependent upon the trans-
mission of the envelope. Most of the bactericidal
lamps, Table 2, are made from glasses that
transmit less than 0.1% to 2.0% of the generated
1849 wave length. Special lamps, when new (e.g.,
794-H) transmit as much as 30—35 per cent of
this radiation. The so-called "cold quartz" lamps
emit 50 to 90 per cent of the 1849 radiation de-
pending upon the quality of the quartz.
Low-pressure mercury lamps are temperature
dependent. At low bulb wall temperature, Figure
1, the vapor pressure of the mercury is very low
and consequently the output of 2537 radiation
would be small. At temperatures above 45°C the
radiation is absorbed, resulting in the excitation
of the atoms to higher states. The resonance line,
2537, is reversed and a greater proportion of the
energy is radiated in the longer wave lengths.
The vapor pressure of the mercury can be con-
trolled by the design of the bulb, pressure of
inert gases and by the power supplied to the arc.
Application dictates the engineering of the lamp.
Two types of low-pressure mercury lamps are
manufactured, the hot cathode and the cold
cathode type. The electrodes in the former are
heated to supply the necessary electrons for the
discharge. The lamps are operating at low voltage
and at high amperage. The electron emission
from the cold cathode is supplied by a high field.
These lamps require high voltage and low am-
perage to operate. The 2537 A line predominates
in both types of lamps. The application dictates
which type should be used.
HIGH-PRESSURE MERCURY LAMPS
High-pressure mercury lamps are of many
types, Tables 3 and 4. Some operate at a fraction
of an atmosphere of mercury vapor while others
operate at over a hundred atmospheres of pres-
sure. At very low pressures the characteristic
mercury lines predominate. Increase of pressure
results in the broadening of the lines and an in-
crease in the continuous background radiation.
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TABLE 1
Relative Intensities of Wave Lengths Emitted
by Low Pressure Mercury Discharge Lamp
Wave Length Relative Energy
1849 5.0 (approximate)
1942 nil
2054 nil
2260 nil
2537 100.0
2652 0.14
2753 0.05
2893 0.07
2967 0.37
3022 0.17
3126—3132 1.43
3650—3663 1.30
3906—4077 1.60
4339—4358 3.40
5461 2.25
5770—5791 0.60
At very high pressures the radiation approaches
that of an incandescent body. In typical quartz
lamps the amount of energy below 3800 A is
npproximately 30—50 per cent greater than the
visible energy radiated depending upon the
pressure of mercury. The major lines emitted by
a typical arc and the relative energies of the
lines are presented in Table 5. These ratios of
energies will be slightly different in different
pressure arcs.
XENON AND XENON-MEEcTJRv ARC LAMPS
Recently, a number of xenon and xenon-
mercury arcs have been designed, Table 6. The
envelopes are of fused quartz and the lamps
operate at 20 to 40 atmospheres. The lamps are
primarily used as light sources. However, a
considerable amount of energy is radiated in the
ultraviolet region, Figure 2. Mercury in the
xenon lamp increases both the visible and ultra-
violet radiation. The xenon lamps have been
suggested as sunlamps. However, special care is
required in handling these high-pressure lamps.
APPLICATIONS
The low-pressure mercury discharge lamps are
used extensively to destroy airborne and surface
bacteria, viruses, yeasts and molds. Since about
90 per cent of the ultraviolet energy from these
lamps is radiated in the 2537 A line and this
radiation is near the peak of the maximum bac-
tericidal activity, Figure 3, these lamps are
nearly ideal generators for this purpose.
The application of these lamps to destroy
airborne organisms in the operating room has
been amply demonstrated by Hart and his asso-
ciates (1—9). They showed that post-operative
infections could be reduced by 85 per cent and
that there was a reduction in post-operative
fever and an improvement in wound healing.
Kraissl et al. (10), Fraser (11), Odom et al. (12)
and Hart (13) have shown that the intensity
of direct radiation used under these conditions
did not cause demonstrable harm to skin, pen-
toneum, meninges or other tissue.
Robertson at at. (14) and Higgons et at. (15)
have shown that "curtains" of ultraviolet radia-
tion can prevent the spread of micro-organisms
and reduce the incidence of respiratory diseases
in children's hospitals. More recently, Riley et at.
(16, 17) have shown that the spread of airborne
tubercle bacilli can be prevented by these ultra-
violet barriers. Wedum and his associates (18,
19) have shown methods of preventing cross-
infection between experimental animals and
between contaminated and sterile laboratories by
the use of bactericidal radiation. The use in air
ducts (20) and in schoolrooms (21) has been
amply reviewed.
The bactericidal and fungicidal properties of
these lamps have also been employed in the treat-
ment of various skin diseases (22, 23). Kovdcs
(24) successfully treated many cases with a
special low pressure mercury discharge lamp
that also produced a large amount of 1849 A
radiation. The low-pressure mercury lamp can
cause a severe erythema. However, this will not
be followed by blistering or pigmentation.
Bactericidal lamps have been used extensively
in industry in the preservation of foods. In some
applications such as in the tenderization of meat,
a small amount of 1849 A radiation is also used.
This radiation is absorbed by the oxygen of the
air to produce ozone. Ozone in high relative
humidity is bactericidal and fungicidal at con-
centrations of the order of 0.1 ppm. or less. It
will also oxidize many organic vapors.
Most liquids, except water, are opaque to
2537 A radiation. In the preparation of many
vaccines and in the irradiation of blood plasma
the solutions are exposed in very thin layers to
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inactivate the viruses or bacteria (25, 26). Under
proper conditions, large volumes of water can
be sterilized or made potable by the use of these
lamps (27, 28).
Many of the high-pressure mercury lamps are
designed as light sources. The fact that these
lamps also emit a large percentage of their energy
in the ultraviolet region makes them valuable
for photochemical reaction, as therapeutic lamps,
and for ultraviolet examinations, e.g. "black-
light". The amount and type of ultraviolet emis-
sion is determined by the transmission of the
lamp envelope and by the operating characteris-
tics of the lamp.
The emission of radiation of therapeutic
lamps generally extends from 1800 A through
the ultraviolet, visible and into the infrared
regions. Most of the investigators studying the
physiological action of ultraviolet radiation used
lamps of this nature (23, 29—32). Although many
TABLE 2
Bactericidal Ultraviolet Output
Desig. Mfgr. Rated Input(Watts)
Rated Life
(hours)
Total 253.7 mu
Ultraviolet Output(Watts) at 100 hrs.
Intensity at 1
Meter 253.7 mu
u,v• microwatts/
sq. cm at 106 hrs.
Arc Current
(amps)
Useful Arc
Length
(inches)
G4T4
G8T5
G15T8
G25T8
G30T8
793
794
794H
OZ4S11
G4-S11
782H10
782L20
782L30
7821130
93A-1 (2851)
84A-1 (2852)
83A-1
94A-1
86A-45
87A-45
88A-45
G10T5-4H
G18T6
G36T6
G36T611
1, 3
1, 3, 4
1, 3, 4
1
1, 3, 4
4
4
4
1
3
4
4
4
4
2
2
2
2
2
2
2
4
1
1,4
4
4
8
15
25
30
3.5
3.5
3.5
3.5
3.5
J'12
120
14
517
'1.29
117
129
8
14
22
32
8
22
32
16
14
17
16—17
23—27
30—34
1.36—39
5000
5000
7500
7500
4000
4000
4000
4000
4000
17500
12000
17500
17500
12000
17500
12000
17500
17500
17500
17500
17500
17500
17500
7500
7500
7500
7500
7500
7500
7500
7500
0.5
1.3—1.5
3.6—3.7
8.3—9.9
.13
.1
.1
.1
.1
2.0
2.8
3.9
5.2
8.3
5.2
8.3
1.9
4.1
3.1
7.2
1.4
4.3
10.4
5.3
3.7
4.5
5.0
6.3—8.0
8.7—11.4
10.6—13.1(5)
11.6—13.8(5)
7
14—17
38
85
1.3
1.2
1.2
1.2
1.2
20
28
35
46
73
46
73
21
46
35
80
16
47
113
55
40
48
54
65—70
90—100
110—115(5)
120(5)
0.08
.155—160
0.30
.340—.355
0.04
0.35
0.35
0.35
0.35
0.060
0.090
0.050
0.050
0.090
0.050
0.090
0.030
0.030
0.120
0.120
0.120
0.120
0.120
0.400
0.200
0.300
0.425
.100—120
.200
.300
.420
6.0
8.5
14.0
14.0
32.0
3.0
.375
.375
.375
.375
10.00
10.00
20.00
30.00
30.00
30.00
30.00
11.50
24.75
10.75
24.75
4.50
10.50
24.50
10.00
12.75
12.75
12.75
29.25
29.25
29.25
29.25
1. General Electric; 2. Hanovia; 3. Sylvania; 4. Westinghouse; 5. In still air at 80°F, output increases
in cool or moving air.
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BULB V/ALL TEMPERATURE — CENTIGRADE
Fig. 1. Relative output of 2537 A radiation from a low-pressure mercury lamp.
of the reactions have been attributed to the
ultraviolet region the other portions of the spec-
trum may also have a pronounced modifying
effect. Kornblueh (33) has pointed out that some
of the reactions attributed to ultraviolet radia-
tion such as alleviation of asthma could he as a
result of negative air ions generated by this short
radiation. The short ultraviolet radiation has a
sufficient amount of energy to remove electrons
from many metals and compounds by the photo-
electric effect. These electrons attach themselves
to oxygen or dirt particles in the air and ap-
parently can produce many physiological reac-
tions (34). Lamps of this nature have been suc-
cessfully used in the curing of rickets, skin
diseases, suntanning and in the relief of many
body ills. The latter results could not always be
duplicated probably because the various investi-
gators used different types of lamps, dosages of
ultraviolet energy and environmental conditions.
Both the low pressure and high pressure
mercury lamps have been reported to produce
skin tumors (35, 36, 37, 38). The amounts of
ultraviolet energy used in these various tests
varied from 7.7 x 106 to 1.07 x 10 ergs/em2
per day for as long as 454 days. In some instances
over 90 per cent of the radiation was at 2537 A
while in other tests the entire spectrum from
the mercury lamp was used. When we consider
that about 2 x 106 ergs/em2 of 2967 A radiation
will produce an erythema on untanned skin and
2 x 10 ergs/em2 will result in a third degree
burn, greater doses of energy per day for many
months are bound to result in a pathological
condition of the skin. Whether the cancers were
produced by the radiation per se or by the toxic
by-products of the third degree burn could be
questioned. More tests with "normal" doses of
radiation would be of interest to those dealing
with ultraviolet radiation.
5UNLAMP5
Sunlamps, as the name implies, produce radia-
tion such as emitted from the sun. The Council
of Physical Medicine (39) has proposed that the
energy below 2800 A should be less than one
per cent of the total energy of wave lengths be-
tween 2804 and 3132 A and that the intensity
should be sufficient to produce an erythema on
an untanned skin in one hour or less at a distance
of 24 inches.
Two general types of sunlamps are produced,
the mercury vapor and the fluorescent type,
Table 7. The mercury lamp is located inside a
reflector bulb together with a tungsten filament
coil which acts as a ballast for the inside lamp.
The outer bulb removes all of the radiation
below 2800 A. These R.S. sunlamps can be
operated directly from a normal l10-25V line.
The fluorescent sunlamp is made similar to a
regular fluorescent lamp excepting that the bulb
wall is made from a glass permitting most of the
radiation above 2800 A to escape. The phosphor
absorbs the 2537 A resonance line and produces
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TABLE 3
Medium and High Pressure Mercury Vapor Lamps for Production of Ultraviolet EnergY"
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a fluorescence band having a peak at about 3150
A, Figure 4. The emission of this lamp very closely
simulates the ultraviolet radiation from the sun.
Regular fluorescent ballasts and fixtures are
necessary to operate this lamp.
Application of the sunlamp is mainly for the
formation of vitamin D in the skin, to prevent
rickets and aid in promoting the soundness of
bone and teeth. The lamps are also used to
produce a "sun-tan". Ronge (40) has found that
sunlamps in a schoolroom reduced absenteeism
and improved the physical fitness of the children.
MEASUREMENT OF ULTRAVIOLET RADIATION
Proper application of ultraviolet lamps in
industry, in medicine and in research requires
knowledge of the intensity and ultraviolet energy
output of these lamps. It is unfortunate that a
large proportion of the early investigators failed
to make such measurements (41). Even at the
present time some of the published papers give
only approximations of energy used or they
report the amount of energy in a wide band with-
out weighing the biologically active portion of
Designation
Rated Rated Arc
mit. Avge. Leng.
Lum. Life (in.)
Recommended Applications
Han-
ovia
16A
54A
79A
64A
73A
SiB
74A
67A
89A
Westinghouse
A-H4
B-114
C-H4
E-114
AH-22
C-115
E-H1
PCA-H21
A-H15
A-H12
A-H14
LampWatts
85 2800
100 3300100 —
100 2300
100 2300
100 —
175 7000
200" —
250 11000
250 0800
325" —
360 9000
400 21000
400 —
560" —
600 —
7fl(Jb —
1000 54000
1000 54000
1000 65000
1000 60000
ilOOb —
1200 —
1200" —
1200 49600
1200 49600
1500 81000
General
Electric
H85-C3
H100-A4
11100-BL4
H100-SP4
H100-FL4
11175-A22
H250-A5
UA-2
IJA-3
11400-El
111000-AlS
H1000-A12
AH6°
B116'
UA-1l
IJA-11B
111500-A23
.0be
a
x
x
x
x
x
x
x
x
x
x
x
x
x
500
6000
1000
2000
2000
1000
6000
1000
6000
1000
1000
1000
6000
1000
1000
1000
1000
6000
6000
100
100
2000
1000
1000
1000
1000
6000
a0.
U
x
x
x
x
x
x
x
x
x
x
250
130
130
130
130
115
135
125
135
92
135
134
135
195
145
500
155
265
135
840
900
250
450
270
450
450
425
13
1
1%
2
2%
3
4%
6
2%
11%
4%
12
7%
5%
5
1
1
14
17%
12
17%
17%
112%2
00
CI
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
cm
x
x
x
x
x
x
x
x
x
Xd
x
x
x
x
x
x
0
a
.0
I.'
x
x
x
x
x
x
x
x
x
x
x
.0U
6
0
.0
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
"May be burned in any position except A-H6 and B-H6 which are designed for horizontal use only.
All outer bulbs have clear finish except B-114 (H100-BL4) which ha natural purple and C-114 (11100-
SP4) and E-H4 (H100-FL4) which have reflector bulbs.
"Only single bulb used.
A116 requires water jacket; B116 requires air jet cooling.
"When used with quartz water jacket.
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TABLE 4
Medium and High Pressure Mercury Vapor Lamps for Production of Ultraviolet Energya
Rated Rated
mit. Avge. Oper.
Lum. Life Volts
Recommended ApplicationsDesignation
Westinghouse
C-HO
B-HO
PCA-H20
G.E.
UA9
TJA37
0
C,
0
-a
H
Han-
ovia
71N
33D
70A
78A
30A
158C
36A
153A
16GB
47A
61A
77A
57A
175B
59B
56B
40B
LampWatts
1200
1500
1800
2000b
2000
2750
3000
3000"
3000"
3000"
3450
3500
3500
4000
4500
4800b
5000
5500
7500
9000
120,000
Arc
Leng.(In.)
35
48
22
213
48
48
48
40Y4
50
48
47j
48
48
48
42
48
48
59
48
59
0
0"
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-obe
.0
Cs
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
1000
1000
1000
1000
1000
1000
1000
2000
3000
1000
2000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1200
1500
1000
550
550
1700
550
535
535
1500
925
1500
925
1500
955
1250
1500
1250
1650
1650
0
Cd0.
C-)
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
oil
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
'do'
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
iL4
(I
x
x
x
x
x
x
x
x
x
x
x
K
K
x
K
x
x
I
.0
0
0
.0
5,
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
a May be burned in any position except A-H6 and B-HG which are designed for horizontal use only.
All outer bulbs have clear finish except B-H4 (H100-BL4) which has natural purple and C-114 (11100-
SP4) and E-H4 (H100-FL4) which have reflector bulbs.
b Only single bulb used.
TABLE 5
Relative Intensities of Wave
High Pressure Mercury
in Quartz
Lengths Emitted by
Discharge Lamp
Wave Length Relative Energy
6234 4.9
5700 88.5
5400 63.0
4960—4358 57.2
4045—3906 48.5
3660 100.0
3351 11.1
3130 68.7
3025 34.3
2967 14.2
2925—2893—2803 12.8
2752—2700 8.0
2652 24.0
2571 9.7
2537 25.6
2482—2400—2360—2300 24.0
1942—1849 6.2
that band. This is because there are not many
meters available for these measurements.
The thermopile is the primary standard of
evaluation of ultraviolet energy. Special precau-
tions in the use of this apparatus are necessary
(42). A summary of the various meters developed
over a period of years has been presented else-
where (43). Of these the SM 200 ultraviolet
meter and phototubes developed by Rentschler
(44) have been extensively used. The photo-
tube is selected which will most nearly cover
that portion of the spectrum in which the meas-
urements are to be made, Figure 5 (45). The
response of the 775 phototube very nearly am
proximates the action spectra for bacteria. The
767 phototube has a long wave length cut-off
at 3200 A so that it can be used to measure the
erythema action spectra from the sun or sun-
lamps. The 789 phototube measures only the
radiation below 2000 A which is responsible for
ozone formation while the 773 phototube is used
for the measurement of very long ultraviolet
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TABLE 6
Approximate Operating Characteristics of Mercury-Argon, Mercury-Xenon and Xenon Short-Arc Lamps
Designation
G Sa W tts*a
Arc Rated
Len th Avge.( g) Life1m (hours)
Oper.
Volts
Operating
Vapor Pres.
(Atmos.-
approx.)
•Initial
Lumens
Hanovia Westinghouse
548A-1 Hg-Ar 100 DC 0.4 100 20 40 1,000
510C-1 Xenon 150 AC 3.85 300 22 20 3,000
510B-1
SAH-250A
Hg-Xe
Hg-Ar
225 AC
250 AC
3.85
2.5
300
100
30
37
25
30
9,000
10,000
560C-1
SAH-800C
Xenon
Hg-Ar
300 AC
800 AC
3.85
8.5
300
300
20
70
20
10
6,000
40,000
507C
SAH-1000A
Xenon
Hg-Ar
800 AC
1000 AC
6.5
6.5
300
300
32
65
35
25
24,000
50,000
538C Xenon 900 DC 6.5 300 32 35 29,000
517A Hg-Ar 1000 AC 6.5 300 65 25 52,000
537B Hg-Xe 1000 AC 6.5 300 65 30 52,000
528B
SAHX-1000A
SAH-2500A
SAHX-2500A
Hg-Xe
Hg-Xe
Hg-Ar
Hg-Xe
1000 DC
1000 AC
2500 AC
2500 AC
6.5
6.5
10.0
10.0
300
300
200
200
65
65
65
65
30
30
15
20
52,000
50,000
125,000
125,000
553B Hg-Xe 2500 AC 9.0 100 65 20 125,000
* All Westinghouse lamps are designed for AC but may be used on DC with the positive electrical
connection made to the lower electrode.
WAVELENGTH IN MICRONS
Fin. 2. Spectral energy distribution of a xenon short-arc lamp.
radiation. These tubes can be used with the
Westinghouse SM 200 integrating meter (45) or
with a suitable electrometer to measure intensity.
The Archer-Reed Company (46) developed an
intensity meter with a 775 phototube for the
measurement of low intensity germicidal radia-
tion.
Another intensity meter has been developed
by the Hanovia Chemical and Manufacturing
Company (47) which utilizes two phototubes and
an electronic amplifier. Three glass filters accom-
panying the instrument are used singly or in
combination in selection of the various parts of
the spectrum.
CONCLUSION
Most of the commercially available ultra-
violet sources have been presented. There is
every indication that many more new ultraviolet
lamps will be introduced. They will vary in size,
wattage or spectrum depending upon the re-
quirements of the application.
The use of all types of ultraviolet lamps will,
in time, be greatly extended. The application of
germicidal radiation is still in its infancy. There
is every indication that more use of these lamps
will be made in hospitals, homes, offices, farms
and in the preservation of foods. Ultraviolet
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FIG. 3. Relative action spectra for A, erythemal effect, B, bactericidal effect, C, ozone production.
TABLE 7
sSunlamps
Designation FS-20 T-12° FS-40 T12a RS
Rated power input (watts)
Rated life (hours) b
at 3 hours per start
at 6 hours per start
Max. overall length (inches)
Useful arc length (inches)
Max. diameter (inches)
Base
Transformer secondary voltage
(no load)
Potential drop between arc elec-
trodes (volts)
Arc current (amperes)
Total E-Viton output (bare
lamp)
20
2500
4000
24
20
1.5
Med. Bipin
118
57
0.370
40,000
40
2500
4000
48
44
1.5
Med. Bipin
220
103
0.420
100,000
275
1000
7.0
5
Med. Screw
35,000"
RS-4
100
1000
6.75
1
5
Admed. Screw
245
130
0.9
35,000"
a Preheat starting fluorescent sunlamp.
b Fluorescent sunlamps are also rated at 5000 15-minute applications, RS lamps at 600 to 1000 15-
minute applications, RS-4 at 1000 15-minute applications.
This lamp has a tungsten-filament resistance and a thermal switch enclosed in its reflector-type
outer envelope. It is operated without external ballast on 110, to 125-volt, 50- to 60-cycle alternating
current only.
d These lamps contain their own internal reflectors; output figures apply to the energy directed out
the face of the lamp.
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WAVELENGTH IN ANGSTROM UNITS
FIG. 4. Emission spectra of a fluorescent sunlamp with calcium zinc phosphate activated with thallium
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lamps will be more extensively used in various
photochemical reactions, e.g., polymerization,
cross-linking, oxidation, decomposition, etc. The
use of sunlamps and therapeutic lamps will be
accelerated. Increased knowledge of the physio-
logical effects of radiation and its by-products
may, in time, be an important factor in control-
ling many of our present diseases.
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